Over the past half century, the term "Mucoviscidosis" has been almost completely abandoned in favor of "Cystic Fibrosis" (CF) despite the fact that the pathology of this disease begins with mucus that plugs airways, blocks gland ducts, and obstructs lumina of hollow organs (1, 2) . However, the mutations causing CF are in a gene that codes irrefutably for a membrane protein that conducts Cl -. These two facts present a longstanding conundrum in CF, which asks how a basic defect in anion transport can translate into devastatingly pathogenic mucus.
Since mucus was first implicated in CF, a number of hypotheses have been advanced to explain the characteristically thick mucus or 'mucoviscidosis' (1). It was first thought that CF mucus was abnormally synthesized, but numerous investigations of CF mucus have uncovered little to indicate any unique composition. Changes in sulfation and fucose to sialic acid ratios in CF mucus were reported early(3), but these changes seem most likely to be a normal response to increased infection and/or inflammation (4, 5) . Additionally, mucus composition is probably not primarily abnormal in CF because different target organs predominantly express different mucins; e.g. MUC5AC in airway epithelia (6, 7), MUC5B in submucosal glands (7), MUC2 in intestine (8) , MUC5B in cervix (9), etc. Yet, the physical properties of all these different mucins are abnormal in CF. Wherever they are produced in CF target organs, mucins tend to aggregate and immobilize so as to obstruct ductal and luminal passages, strongly implying that it is not mucus per se that is abnormal, but the manner and conditions under which mucins are released that results in this common pathogenic fate.
Presently, it is almost universally assumed that CF mucus is thick and sticky because it is "dehydrated", and two general concepts have evolved to explain the lack of water. First, from observations in the airways and airway-derived cells, fluids are reported to be hyper-absorbed by epithelia from the media into which mucins are secreted and therefore cannot be adequately hydrated (10) . While this rationale may seem consistent with airways, it is very difficult to extend to other organs such as the pancreas or biliary tree where fluid absorption does not occur in either normal or CF phenotypes.
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Second, dehydration is also ascribed to hypo-secretion of fluids (11, 12) . However, hypo-secretion tacitly assumes that mucins once secreted are without access to fluid, which seems doubtful since the secretory epithelia of most, if not all, affected organs are highly permeable to water. Thus, even though active fluid secretion is compromised, the Donnan forces of secreted polyanionic mucins should, in time, osmotically attract sufficient fluids to accommodate hydration. In fact, post secretory Donnan swelling may well be a significant component of the dilation seen in blocked ducts and lumens in mucus secreting glands in CF (1, 13) resulting in a kind of "bronchiectasis" of the gland.
This is not to say that secreted fluids are not important to transport hydrated mucins from gland lumens and other compartments, but simply that thick mucus cannot in general be due to a lack of water.
We submit that another factor must be involved. We hypothesize that in CF the lack of secreted HCO 3 -in the extracellular medium of mucins during "exocytotic birth" impairs calcium removal, prevents normal mucin expansion, and promotes stasis of mucus in the ducts or on the luminal surfaces of affected organs (Fig. 1) . It is of note that the contents of pancreatic granules secreted from acinar cells require HCO 3 -to disaggregate (21) and that CF secretions generally contain elevated [Ca ++ ]. This is not to say that mucins in CF do not expand or that no Ca ++ is removed from them, but simply that the process is impaired by the lack of HCO 3 -.
We do not exclude the possibility that pH changes associated with altered HCO 3 -may have far-reaching and deleterious effects in CF, but we propose that excessive Ca ++ and H+ remaining in mucus will diminish expansion and render mucins less transportable due Validating this hypothesis should require that the absence of (secreted) HCO 3 -in the medium of normally secreted mucin granules results in 1.) slowed and incomplete expansion of mucus, 2.) abnormally viscous and tenacious mucus, and probably 3.) elevated mucus Ca ++ content. In contrast, under conditions that would assure secreting mucins into fluid with ample HCO 3 -, CF epithelia should release virtually normal mucins with normal expansion kinetics and viscoelastic properties. It is of some concern that we do not know how pronounced these effects might be. It is clear that many exocrine and respiratory units of tissue function in CF patients over long periods (years) so that the disturbance may be subtle and benign until reaching a threshold that precipitates a pathogenic event.
A measure of mucin expansion kinetics from granules might be obtained from mucins tagged by integrating a green fluorescent protein (GFP) into the mucin gene (22) .
Such insertions might, however, disrupt normal mucin behavior. Alternatively, the dilution of closely associated companion molecules such as tagged trefoil peptides might be monitored to follow expansion. Since mucus properties easily change with time and condition, quantitative evaluations of viscoelastic properties will likely require study of intact mucus secreting epithelia and may well require developing new techniques to collect, quantitate, and assay micro specimens of pure mucus secreted from native tissues ex vivo.
If this hypothesis is valid, it should not only change our concepts of the pathogenesis of CF, but it should also provide a basis for new approaches to managing abnormal mucus in other diseases as well. For example, it is sobering to consider that new drugs now entering clinical trials that promise to correct Cl -transport in CF may not be therapeutic if the mutant protein cannot transport HCO 3 -adequately, so that "Mucoviscidosis" would persist. Finally, the hypothesis may explain the general observation that physiologically mucins always appear to be secreted simultaneously with HCO 3 -.
Fig 1.
The schematic depicts transition of compacted mucins in intracellular granules in the present of HCO 3 -into highly expanded mucus ("Normal") in contrast to the impaired expansion of mucins in the absence of HCO 3 -in CF ("Mucoviscidosis"). HCO 3 -chelates Ca ++ from the anionic mucin sites, exposing their negative charges, which induce rapid molecular expansion by electrostatic repulsion. Without HCO 3 -, Ca ++ removal is compromised, divalent bridging persists, negative charges remain shielded, and mucus expansion and transportability is impaired.
